2-STEP BI-DIRECTIONAL STEPPING MOTOR 

The present invention is directed to stepping motors, and in particular, to an 
improved 2-step bi-directional stepping motor that is can reliably run in either direction 
5 merely dependent upon a specific pulse-current scheme used therewith. The present 
invention, among other applications, is particularly suited for use in connection with 
electronic quartz wristwatches or other micro-mechanical devices, 

"Multi-Step" stepping motors, having multiple stator and/or rotor poles, or those of 
the so-called "Lavet" type, are well known in the art. For example, while the "multiple- 

10 step" motors run in both directions depending on the direction of the "rotor-driving" 
electromagnetic field, the "Lavet" type motor may have one preferred rotational direction 
achievable through the rotor's "rest position." The prior art provides a plurality of 
examples illustrating the foregoing constructions. 

Altemating rectangular pulse-current schemes to drive rotors in 180 degree steps 

15 are also known. For example, in one such known configuration, an altemating rectangular 
current-pulse is applied to the motor coil, and the rotor magnet follows the changed 
magnetic flux in the stator, being pushed firom its rest position to its opposite stable rest 
position, 180 degrees rotated. To continue the rotation of the rotor, the current-pulse is 
reversed and the rotor is pushed in the same rotational direction back to its starting- 

20 position, thus completing one revolution in two steps. Fig. 6 exemplifies the relevant 
portion of a prior art stepping motor that is operable in the foregoing manner. As can be 
readily seen, typical of such a stepping motor is the specific positioning of the "rest 
position," which may be chosen as a fimction of the magnetic vector of the 
electromagnetic flux generated by the motor coil. Geometries of the rotor or stator cutouts 

25 and/or the use of small permanent magnets can also play a significant part in the operation 
of such a stepping motor. 

The foregoing exemplary stepping motor is widely used in electronic timepieces, 
notwithstanding its perceived deficiency in being unable to run in both a clockwise and 
counter-clockwise direction. Being able to run in both directions would be significantly 

30 advantageous, for example, so as to be able to perform a quick "time-setting" fimction in 
radio controlled watches. 

Bipolar current-pulse sequences have been developed to make the foregoing type 
of stepping motor run in a reverse direction. For example, the rotor may be accelerated for 
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a short distance (ix. 45 degrees) from its rest position in the reverse direction by a first 
initial pulse so that when it passes its stator flux axis, a reversed pulse pushes it to the 
opposite stable position. Thereafter, it may again drop 45 degrees backwards, against the 
rotational direction, into its opposite stable Rest Position when the coil current is off. 
5 Unfortunately however, this particular stepping motor design provides for rough running, 
and additionally, due to the additionally required pulse per step, leads to higher power 
consumption while running in reverse. Furthermore, if the reverse pulse is not accurately 
applied in intensity and time, the rotor may imdesirably pass its alternating rest positions 
thus leading to an undesirable "one step per revolution" result. 
10 It can thus be seen that it is difficult to ensure a reliable 2-Step reverse run in 

known "Lavet" type stepping motors. However, the prior art is not without its attempts to 
do so. 

For example, U.S. Patent No. 4,361,790 attempts to overcome the foregoing 
deficiencies by the implementation of alternating the current direction within two 

15 respective coils. In particular, the two coils always operate simultaneously by a certain 
current-pulse scheme, which alleges, among other things, the elimination of the need to 
double the coil volume. U.S. Patent No. 4,361,790 proposes a current-pulse scheme in 
which four steps per revolution, each of which is 90 degrees, are made. Such is the case in 
both the clockwise and counter-clockwise direction. 

20 However, the present inventors still believe further improvements over the state of 

the art are necessary, both to overcome the foregoing explicitly perceived deficiencies as 
well as to overcome deficiencies that would be apparent to those skilled in the art. For 
example, one desirous feature is to constmct a smooth running "Lavet" type stepping 
motor that can make two steps per revolution, in both the clockwise or coimter-clockwise 

25 direction. Secondly, it is desirous to provide such a stepping motor that does not have a 
preferred rotational direction. In particular, it is desired that the shape of the current- 
pulses, applied to the motor coils, determine the direction of rotation of the rotor. The 
present invention achieves the foregoing and below mentioned objectives, as well as 
overcomes the perceived deficiencies in the prior art. 

30 
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SUMMARY AND OBJECTS OF THE INVENTION 

It is therefore an object of the present invention to provide an improved stepping 
motor that overcomes the foregoing perceived deficiencies. 
5 It is another object of the present invention to provide an improved stepping motor 

that more smoothly runs in both the forward and reverse direction. 

It is yet another object of the present invention to provide an improved stepping 
motor that does not increase the power consumption firom that seen in prior art bi- 
directional stepping motors, namely, it is an object of the present invention to provide an 

10 improved current-pulse scheme that has the same power consxmiption regardless of the 
rotational direction of the rotor. 

It is yet another object of the present invention to provide an improved stepping 
motor that merely needs to rely on the pulse-current scheme for its directional rotation. 

Still other objects and advantages of the invention will in part be obvious and will 

15 in part be apparent fi-om the specification. 

The invention accordingly comprises the features of construction, combination of 
elements and arrangement of parts and sequence of steps which will be exemplified in the 
constmction, illustration and description hereinafter set forth, and the scope of the 
invention will be indicated in the claims. 

20 Generally speaking, in accordance with the present invention, a stepping motor in 

which a rotor is rotatable in steps of 180 degrees each, is provided. In one embodiment, 
the stepping motor comprises a rotor comprising a permanent magnet and rotatably 
mounted about an axis and providing a permanent magnetic field; a first electrical coil and 
a second electrical coil; a stator comprising three pole faces arranged around the rotor and 

25 arms on which the electrical coils are mounted; and a control circuit, coupled to the first 
and second electrical coils, for applying electrical pulses independently to each coil and 
for controlling the polarity thereof, the coils producing magnetic fields in response to the 
pulses and wherein the rotor is rotatable in response to the magnetic fields; wherein each 
step of 180 degrees is effectuated by providing to the first coil, a first pulse of a first 

30 polarity and a second pulse of a second polarity; and to said second coil, a pulse of the 
second polarity simultaneously with the providing of the second pulse to the first coil; 
wherein during the providing of the first pulse to the first coil, there is no pulse being 
provided to the second coil. 
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Furthermore, the rotation of the second 180 degree step is preferably achieved by 
providing to the first coil, a third pulse of the second polarity and a fourth pulse of the first 
polarity; and to said second coil, a pulse of the first polarity simultaneously with the 
providing of the fourth pulse to the first coil; wherein during the providing the third pulse 
5 to the first coil, there is no pulse being provided to the second coil. 

In a particular arrangement, each step of 180 degrees is effectuated by a rotation of 
the rotor a first X degrees and then by a further rotation of the rotor the remaining 180-X 
degrees, wherein X is a predetermined number greater than zero. In a specific 
configuration, the value of X is approximately 30 degrees and the three pole faces are 

10 arranged at an angular spacing of approximately 120 degrees with respect to each other. 
In this manner, the rotation of the rotor the approximately X degrees is achieved by 
providing to the first coil, a first pulse of a first polarity; and wherein the rotation of the 
rotor the approximately 180-X degrees to complete a step is achieved by providing to the 
first coil a second pulse of a second polarity simultaneously with the providing of a pulse 

15 of the second polarity to the second coil. The second step of 180 degrees is effectuated by 
the additional rotation of the rotor X degrees and then by a further rotation of the rotor the 
remaining 180-X degrees; wherein the additional rotation of the rotor X degrees is 
achieved by providing to the first coil, a third pulse of the second polarity; and wherein the 
rotation of the rotor the approximately 180-X degrees to complete the second step is 

20 achieved by providing to the first coil a fourth pulse of the first polarity simultaneously 
with the providing of a pulse of the first polarity to the second coil; whereby during the 
providing of the third pulse to the first coil, there is no pulse being provided to the second 
coil. 

In a preferred embodiment, the stepping motor constructed in accordance with the 
25 present invention is incorporated into a timepiece, such as a wristwatch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller imderstanding of the invention, reference is had to the following 
30 description taken in connection with the accompanying figures, in which: 

Fig. 1 is an illustration of a stepping motor constructed in accordance with the 
present invention; 
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Fig. 2a-2e are diagrammatic illustrations of the stepping motor of Fig. 1 being 
respectively illustrated in its various configurations of operation, and specifically, when 
the rotor is rotating in a clockwise direction; 

Fig, 3 is diagram illustrating graphically the energizing current-pulses passing 
5 through the stator coils of the stepping motor of Fig. 1 as it rotates in the clockwise 
direction; 

Fig. 4a-4e are diagrammatic illustrations of the stepping motor of Fig. 1 being 
respectively illustrated in its various configxirations of operation, and specifically, when ^ 
the rotor is rotating in a counter-clockwise direction; 
10 Fig. 5 is diagram illustrating graphically the energizing current-pulses passing 

through the stator coils of the stepping motor of Fig. 1 as it rotates in the coimter- 
clockwise direction; and 

Fig 6 is a portion of a stepping motor constructed in accordance with the prior art. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference is first made to Fig. 1 wherein a bi-directional stepping motor, generally 
illustrated at 10, constructed and arranged in accordance with the present invention, is 
disclosed. In a preferred embodiment, motor 10 comprises a stator, generally indicated at 
20 20, made of a soft magnetic (i.e. iron) material and generally in the shape of the depicted 
rectangle, although one skilled in the art would appreciate that this rectangular shape is by 
way of example, and not limitation. As particularly depicted, stator 20 includes a first arm 
22 and a second arm 24 arovmd which a respective first coil 30 and second coil 40 are 
disposed. 

25 A rotor 50, comprised of a permanent magnet having diametrically opposed North 

(N) and South (S) poles (the arrow in the center of rotor 50 points to the N pole thereof), is 
positioned in an opening 26 of stator 20. Opening 26 preferably comprises two opposing 
notches 28a, 28b that define a static equilibrium axis for rotor 50. Stator 20 also 
comprises a notch 29 for assisting in creating the field directions caused by the created 

30 magnetic fluxes, as fiuther disclosed below. 

Stator 20 is configured to provide three pole faces 21, 23, 25, all of which are 
positioned, at approximately 120 degrees with respect to each other, about a center C 
being approximately the center of rotor 50. Importantly, the angular zones occupied by 
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pole faces 21, 23 are approximately equal. Stator 20 has, as illustrated in Fig. 1, an axis of 
symmetry (S) passing through the middle of pole face 25, through the middle of rotor 50 
and through the middle of notch 29. 

A specific current-pulse timing circuit has been constructed and arranged to enable 
5 motor 10 to run in both the clockwise ("CW") and counter-clockwise ("CCW") directions. 
Advantageously, the present invention provides for the same power consiraiption, 
regardless of the rotational direction of rotor 50. 

A control circuit 5, also illustrated in Fig. 1 energizes coils 30 and 40 with the 
aforementioned current-pulse scheme by way of current-pulses to coils 30 and 40 in the 

10 manner that will hereinafter be disclosed. In the preferred construction, coil 30 and coil 40 
each have an independent connection to control circuit 5, namely respectively denoted 
lines (mot 2, mot 1). A common connection line, denoted mot 0, is also provided. These 
three connections, mot 2, mot 1 and mot 0 are all electrically coupled to control circuit 5 in 
a manner so as to provide to the respective coils 30 and 40, current-pulses consistent with 

15 the diagrams of Figs. 3 and 5. However, it should be imderstood that coils 30 and 40 
could be driven by separate cormections as would be imderstood by one skilled in the art. 
Additionally, it should be understood that each positive and negative current-pulse value 
will be assumed to be one (1) unit, as it is the direction, and not the actual magnitude, that 
is important. Figs 2 and 4 show, down the right hand side the voltage values being applied 

20 to the respective mot 2, 1, 0 lines by control circuit 5. 

That is, for purposes of understanding the present invention, a "logic 1 or logic 0" 
on line mot 2 and its compliment (i.e. "logic 0 or logic 1") on line mot 0 will create a 
current I30 through coil 30, its direction being discussed in greater detail below. Similarly, 
a "logic 1 or logic 0" on mot 0 and an opposite "logic 0 or logic V" on line mot 1 will 

25 create a current I40 through coil 40, its direction also being discussed in greater detail 
below. Lastly, the same logic values, whether 0 or 1, on the opposing pair of lines (i.e. 
mot 2/0 or mot 0/1) will result m no current flowing through the respective coil. 

In a preferred embodiment, stepping motor 10 is incorporated into a wristwatch, 
and preferably, one that contains analog movements, although additional digital 

30 functionality can also be provided. 

With the foregoing in mind, it should now be understood that when coils 30 and 40 
are energized by their respective currents I30 and I40, they subject rotor 50 to magnetic 
fields R30 and R40, respectively, the directions of which are substantially symmetrical with 
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respect to a diameter of the rotor and mutually inclined at about 60 degrees. The sense 
(i.e. direction) of the currents I30 and I40 determine in each case the sense (i.e. direction) of 
the corresponding fields R30 and R40. 

With the construction and arrangement of motor 10 as disclosed above, the 
5 following conditions can occur for a clockwise rotation of rotor 50, reference being made 
to Figs. 2a-2e (for the illustrations of the orientations of rotor 50 as it makes its clockwise 
steps) and Fig. 3 (for an illustration of the timing/direction of the current-pulse sequences 
to effectuate the clockwise rotation thereof). 

10 CLOCKWISE ROTATION OF ROTOR 50 
Fi^. 2a \ 

At this time, the voltage, applied to connection lines mot 2, mot 1, mot 0 are all 
15 equal, and preferably all zero. Hence, there is no current flowing through either coil 30 or 
coil 40, and thus, there are no external magnetic fields acting upon rotor 50. Therefore, 
rotor 50 is in its rest position. 

Fi^. 2b : 

20 

Here, coil 30 is energized by a positive voltage differential of one (1) unit between 
mot 2 and mot 0, while the current through coil 40 remains at zero (i.e. the voltage 
differential between mot 0 and mot 1 is zero). As can be seen in Fig. 3, current I30 has a 
sense (which will hereinafter be referred to as the "positive" sense) such that, within coil 

25 30, the field is directed in the direction indicated by arrow "A" (Fig. 2b). Within coil 40 
the field is zero. Thus, this one current I30 creates, outside the coil, field R30, the sense of 
which will be referred to as "positive." Thus, the resultant field R30 + R40 is, in this 
instance, equal to R30, and at least essentially, if not exactly, in a direction forming an 
angle of 30 degrees with reference to axis S taken in the CW direction. Because of the 

30 magnetization of rotor 50 in the above-disclosed manner, rotor 50 will rotate 30 degrees in 
the CW direction. 

Fig. 2c: 

35 It is at this juncture, as set forth above, that the objective is for rotor 50 to complete 

its 180-degree step in the clockwise direction. To achieve this, the current through coil 30 
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is reversed (mot 0 is positive with respect to mot 2) such that current I30 is now deemed to 
have a "negative" sense such that within coil 30, the field is directed in the direction of 
arrow "B." In this way, current I30 now creates, outside the coil, field R30, the sense of 
which is opposite to the "positive" sense (i.e. "negative"). 

Additionally, coil 40 is also energized (line mot 0 is positive with respect to mot 1) 
in a manner such that current I40 has a "negative" sense (see Fig. 2c) such that, within coil 
40, the field is directed in the direction indicated by arrow "B." Current I40 creates, 
outside the coil 40, a field R40, the sense of which will be referred to as "negative," its 
magnitude (although not direction) being equal to that of field R30. 

The resultant field R30 + R40 outside the coils is consequently directed through rotor 
50 in a direction substantially parallel to the axis of symmetry S in a line indicated by 
arrow (R30 + R40). Thus, the resuUant field R30 + R40 causes rotor 50 to rotate in its 
clockwise direction the remaining 150 degrees to its final intermediate position as 
illustrated in Fig. 2c. 

Fi'g. 2d : 

Continuing the rotation of rotor 50 in its clockwise rotation, the objective now is to 
cause rotor 50 to rotate yet another 30 degrees in the CW direction. To achieve this, the 
20 flow of current I40 through coil 40 is stopped (by providing a zero voltage differential 
between lines mot 0 and mot 1). Current I30 again is of a "negative" sense (i.e. in the 
direction of arrow "B"), thus again providing, outside coil 30, field R30, the sense of which 
is "negative." 

Because field R40 is once again zero, the resultant field R30 + R40 is again equal to 
25 the R30 component, and at least essentially, if not exactly, in a direction forming an angle 
of 210 degrees with reference to axis of symmetry S taken in the clockwise direction (see 
arrow (R30 + R40)). Because of the resultant magnetic field, rotor 50 will rotate an 
additional 30 degrees in the CW direction, taken with reference to the axis of symmetry S 
and its starting position being that illustrated in Fig. 2c. 

30 

Fig 2e\ 

At this time the final objective is for rotor 50 to complete its second step of 180 
degrees in the clockwise direction. Once again, the current through coil 30 is reversed 
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(sec Fifi. 3 and specific reference to Fig.* 2c therein) such that current lao once again has a 
•'positive" sens (i.e. in the direction of arrow '"A") and that ctirrent I30 creates, outsid coil 
30, field R30, the sense of which is again **positivc." 

Similarly, coil 40 is also energized in a manner such that current I40 has been 
5 reversed (i.e. now in the ^'positive" sense) such that, within coil 40* the field is directed in 
the direction of arrow "A.** Current Uo thus creates, outside coil 40, a field R40, the 
direction of which is in the '•positive'* sense, its magnitude (although not direction) again 
being equal to that of field Rao- 

The resultant field R30 + R40 outside the coils again is consequently directed 
10 through rotor SO in a direction substantially parallel to the axis of synmietry S in a line 
indicated by airow (R30 ^ R^o)- Thxas, the resultant field (Rso -r R40) causes rotor 50 to 

rotate in its clockwise direction the remaining 150 degrees to its final (and starting) 
position illustrored in Fig. 2e. 

15 COXJNTER^CLOCKmSE ROTATION OF ROTOR 50 

Reference is now made to Figs, 4a-4c and Fig. 5, in connection with the following 
disclosure, for a discussion of the preferred methodology and current-pixlse sequences for 
causing rotor 50 to rotate in the counterclockwise C*CCW") direction fix^m an initial 
20 starring position iUustrated in Fig. 4a. Similar to Figs-/a-;?fe, the following conditions 

preferably occur: 2a " 2 S. Feb. 02 

Fig. 4a : 

25 At diis time, no current flows through either coil 30 or coil 40. For this reason, 

there are no external magnetic fields acting upon rotor 50, and hence, rotor 50 maintaiiis 
its rest position. 



30 



Fist. 4b : 

Here, coil 40 is energized by mot 1 being positive with respect to mot 0» while the 
current through coil 30 remains zero (i.e. tiie voltage differential between mot 2 and 0 is 
zero). Current I40 has a positive sense, while within coil 30 the field is zero. Thus, this 
one current I40 creates, outside coil 40, field R40, which is -positive." Thus, the resultant 
35 magnetic field Rao + R30 is, in this instance, equal to R^o, and at least essentially, if not 
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exactly, in a direction forming an angle of 30 degrees with reference to the axis of 
symmetry S taken in the CCW direction. Because of the magnetization of rotor 50 in the 
above-disclosed manner, rotor 50 will rotate 30 degrees in the CCW direction. 

5 Fig. 4c: 

It is at this juncture that rotor 50 completes its first 180 degree step in the CCW 

direction. To achieve this, the current through coil 40 is reversed such that the field 

outside coil 40, i.e. field R40, is now "negative" (i.e. in the direction of arrow "B"). 
10 Additionally, coil 30 is also energized such that outside coil 30, a field R30 having 

a "negative" sense is created (i.e. in the direction of arrow "B"), its magnitude (although 

not direction) being equal to that of field R4o- 

The resultant field R40 + R30 outside the coils is consequently directed through 

rotor 50 in a direction substantially parallel to the axis of symmetry S in a line indicated by 
15 arrow (R40 + Rso)- Thus, the resultant field R40 + R30 causes rotor 50 to rotate in its 

coimter-clockwise direction the remaining 150 degrees to its final intermediate position as 

illustrated in Fig. 4c. 

Fig, 4d : 

20 

Continuing the rotation of rotor 50 in its CCW direction, the objective now is to 
cause rotor 50 to rotate yet another 30 degrees. To achieve this, the flow of current I30 
through coil 30 is stopped (voltage differential between mot 2 and mot 0 is zero). The 
current I40 again is of a "negative" sense (i.e. arrow "B"), thus again providing, outside 

25 coil 40, field R40, the sense of which is "negative." 

Because field R30 is once again zero, the resultant field R30 + R40 is, in this 
instance, entirely equal to the R40 component and in a direction forming an angle of 210 
degrees with reference to axis S taken in the CCW direction (see arrow (R40 + Rso))- 
Because of the resultant field, rotor 50 will rotate an additional 30 degrees in the CCW 

30 direction (taken with reference to the axis of symmetry S and its starting position being 
that illustrated in Fig. 4c). 
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Fi^ 4e \ 

At this time the final objective is for rotor 50 to complete its second step of 180 
degrees in the CCW direction. Once again, the current through coil 40 is reversed thus 
5 creating outside coil 40, field R40, the sense of which is again "positive" (i.e. in the 
direction of arrow "A"). 

Similarly, coil 30 is also energized in a manner such that current I30 is in the 
"positive" sense such that, within coil 30, the field is in the direction of arrow "A." 
Current I30 thus creates, outside coil 30, a field R30, the direction of which is also in the 
10 "positive" sense, its magnitude again being equal to that of field R4o- 

The resultant field R30+ R40 outside the coils again is consequently directed 
through rotor 50 in a direction substantially parallel to the axis of symmetry S in a line 
indicated by arrow (R30 + R40). Thus, the resultant field R30 + R40 causes rotor 50 to rotate 
in its CCW direction the remaining 150 degrees to its final (and starting) position 
1 5 illustrated in Fig. 4e. 

Operation of the Present Invention 

Consequently, it is seen that one can create, in the region of rotor 50, different 
20 resultant magnetic fields depending on the sense of the energizing currents passing 
through coils 30 and 40, By stopping and/or changing the sense of currents I30 and I40, the 
resultant magnetic fields can be rotated in either one direction or the other, in order to 
effectively and accurately drive rotor 50 in the clockwise or counter-clockwise direction, 
completing two steps per revolution. 
25 Thus with the foregoing conditions in mind, the operation of the present invention, 

namely, the stepping of motor 10 in the clockwise direction with two steps per revolution, 
will now be disclosed. 

It will be assumed that rotor 50 is initially oriented as indicated in Fig. 2a, such 
that its North (N) pole is situated in the vicinity of pole face 25. To rotate rotor 50 in the 
30 direction of arrow "CW" (i.e. the clockwise sense) an initial 30 degrees (Fig. 2b), current 
I30 is supplied to coil 30 (by means of a electronic control circuit 5, while the current 
through coil 40 remains zero. The resulting field R30 + R40 then acts on the magnet of 
rotor 50 so that its North pole rotates 30 degrees, in a direction moving closer to pole face 
23. The created torque rotates rotor 50 in the CW sense subject to the condition. 
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obviously, that the torque must be greater than the total of the positioning torque and of 
the fiictional torque exerted on rotor 50 by the mechanical elements which motor 10 has to 
drive. It can therefore be seen that only a current-pulse through only one coil (i.e. coil 30) 
is needed to cause rotation in the desired direction. 
5 When rotor 50 has rotated through about 30 degrees and occupies approximately 

the position represented in Fig. 2b, control circuit 5 reverses the sense of the current I30 (in 
the manner disclosed above with respect to voltage differentials between lines mot 2 and 
mot 0) and also causes a current I40 through coil 40, the sense of which is "negative," 
thereby creating a field R40, the magnitude and direction of which is shown in Fig. 2c. 

10 The resultant field R30 + R40, as illustrated in Fig. 2c, creates a firesh torque, resulting in 
the continued rotation of rotor 50 in the clockwise direction xmtil it occupies the position 
represented in Fig. 2c, such that its South (S) pole is located in the vicinity of the pole face 
25. In this way, rotor 50 has effected a first step of 180 degrees and currents I30 and I40 
can then be interrupted. It can be seen that current-pulses through each coil is needed to 

15 rotate the rotor the remaining 150 degrees in the desired direction. 

To cause rotor 50 to effect a second step of 180 degrees, control circuit 5 again 
supplies a current I30 in the "negative" sense while the current through coil 40 remains 
zero. Consequently, the resultant field R30 + R40 (note only one current-pulse is needed) 
has the direction illustrated in Fig. 2d and thus creates, with the magnet of rotor 50, a 

20 torque which again drives this rotor in the CW direction an additional 30 degrees (210 
degrees in the clockwise direction taken fi-om its initial starting point of Fig. 2a). 

Once rotor 50 has rotated the foregoing 30 degrees, control circuit 5 reverses the 
direction of current I30 and provides a current I40 through coil 40 in the "positive" sense so 
that current-pulses are provided on each coil. The resulting field R30 + R40 is in the 

25 direction of Fig. 2e. Consequently, rotor 50 continues to rotate in the CW direction and 
ends its second step of 180 degrees back in its initial starting position. Control circuit 5 
then again interrupts the currents I30 and I40. The successive pulse-current timing diagram 
for the CW rotation of rotor 50 is illustrated in Fig. 3. 

In order to cause rotor 50 to rotate in the CCW direction, first, to effect a 30 degree 

30 step in the counter-clockwise direction, the field R30 + R40 takes the sense it has in Fig. 4b 
such that rotor is in the position illustrated in Fig. 4b. Control circuit 5 then reverses the 
sense of the current I40 and also causes a current I30 (in the "negative" sense) through coil 
30. The sense of I30 creates a field R30, the magnitude and direction of which are shown in 
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Fig. 4c. The resultant magnetic field R30 + R40, as illustrated in Fig. 4c, creates a torque 
about rotor 50 thus continuing its CCW rotation until it occupies the position represented 
in Fig. 4c, such that its South (S) pole is located in the vicinity of the pole face 25. In this 
way, rotor 50 has effected its first step of 180 degrees in the CCW direction. Currents I30 
5 and I40 can then be interrupted if desired. 

Effecting rotor 50 to make its second step of 180 degrees in the CCW direction, 
control circuit 5 again supplies a current I40 in the "negative" sense while the current 
through coil 30 remams zero. The resultant field R30 + R40 has the direction illustrated in- 
Fig. 4d and thus creates, with the magnet of rotor 50, a torque which again drives this rotor 

10 in the CCW direction an additional 30 degrees. Control circuit 5 then again reverses the 
current I40 and provides a current I30 through coil 30 in the "positive" sense. The resulting 
field R3oH- R40 is in the direction of Fig. 4e. Consequently, rotor 50 continues to rotate in 
the CCW direction and ends its second step of 180 degrees back in its initial starting 
position. The control circuit may then again interrupt the currents I30 and I40. As with the 

15 clockwise rotation of rotor 50, the successive pulse-current timing diagram for the 
foregoing CCW rotation of rotor 50 is illustrated in Fig. 5. 

The present invention has the important advantage of always having rotor 50 rotate 
in the desired direction. That is, regardless of the starting position of rotor 50, the first 
excitation of the respective coil as disclosed above (Fig. 2b or Fig. 4b) causes rotor 50 to 

20 rotate to one of the aforementioned 30 degree angle positions. That is, in the event that 
rotor 50 is in a position opposite or different firom that of the "expected" or "desired" 
position, once control circuit 5 sends the proper current (I40 or I30) in the "correct" sense, 
rotor 50 will make a rotation of at most 150 degrees in the opposite direction, at which 
time it will be in the correct position to make its next 150 degree rotation (i.e. in precisely 

25 the position it must be at this moment of the cycle). From this point on, rotor 50 rotates in 
the desired direction. It can easily be seen that rotor 50 resumes, in all cases, the desired 
sense of rotation in a similar way, whatever this sense of rotation may be and whatever 
may be the moment of the cycle at which occurs the incident which brings this rotor again 
into an erroneous position. 

30 It can thus be seen that a stepping motor constructed in accordance with the present 

invention provides significant and desirable advantages over those found in the prior art. 
For example, it can now be seen that the present invention provides for a rotor that can 
rotate, firom its rest position, with merely a pulse fi-om one coil. Once a small rotation (i.e. 
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30 degrees) has been reached, the remaining rotation (i.e. 150 degrees) is achieved through 
a simuhaneous pulse applied by both coils so as to push the rotor to the opposite rest 
position, thereby completing a first step. The direction of rotation of the rotor is easily 
reversed if the current-pulse scheme is reversed. A stepping motor of the type disclosed 
5 herein overcomes the foregoing perceived deficiencies in the prior art, while also being 
able to smoothly run in both the forward and reyerse direction, maintain a low power 
consumption, and merely needs to rely on the pulse-current scheme for its directional 
rotation. 

Furthermore, it should be well appreciated that the present invention is well-suited 
10 for a wide variety of devices, such as timepieces that utilize analog movements. Examples 
of such timepieces are described in U.S. Patent Nos. 4,744,066; 4,888,749; 5,059,840; 
4,888,507; and 4,886,988, the disclosures all of which are incorporated by reference as if 
fully set forth herein. Accordingly, a timepiece that would include one or more of the 
stepping motors disclosed in the instant appUcation is well within the contemplated uses of 
15 the present invention. Moreover, such a timepiece is well enabled by the disclosure set 
forth herein and those patents incorporated herein by reference. 

It will thus be seen that the objects set forth above, among those made apparent 
fi-om the preceding description, are efficiently attained and, since certain changes may be 
made in the above constructions without departing firom the spirit and scope of the 
20 invention, it is intended that all matter contained in the above description or shown in the 
accompanying drawings shall be interpreted as illustrative and not in a limiting sense. 
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